Summary: SEGID is a tool for finding conserved regions (regions of high scores) for a given (multiple) sequence alignment. It takes a (multiple) sequence alignment as its input and converts the alignment into a sequence of numbers, where each number is the alignment score of a column. Three algorithms are used to identify regions of high scores. A graphical interface is provided to present those identified regions.
INTRODUCTION
Sequence alignment is the most useful tool in sequence comparison that has become essential in modern molecular biology. Many methods have been developed for constructing sequence alignments. Databases of multiple sequence alignments have been set up (Bateman et al., 2002; Lombard et al., 2002; Schultz et al., 1998) . Smith and Xue (1998) proposed different ways to represent multiple sequence alignments. Identifying conserved regions in a given (multiple) sequence alignment is important for interpreting sequence alignments. SEGID is a tool designed to identify conserved segments in a (multiple) sequence alignment. Conserved segments are high-score substrings in a long alignment that are probably biologically meaningful. SEGID accepts a sequence alignment or a pure number sequence as input. It identifies the conserved segments and generates graphical output.
A typical way to locate conserved regions is to assign a score for each column of a given multiple sequence alignment and then look for subsequences with high cumulative scores. The purpose of SEGID is to suggest such conserved regions by simultaneously looking at many consecutive columns in the alignment and presenting those regions with a graphical interface. A number of tools * To whom correspondence should be addressed.
representing conservation information across a multiple sequence alignment have been developed. For example, see JavaShade (Southern and Lewis, 1998) , MView (Brown et al., 1998) , JalView (http://www2.ebi.ac.uk/ ∼michele/jalview/), and CHROMA (GoodStadt and Ponting, 2001 ). These tools all have distinct features, yet they have in common shading and coloring columns of high scores. SEGID is also a visualization tool for analyzing alignment, but differs from all these software in that it focuses on segments rather than individual columns.
MATHEMATICAL DEFINITIONS
Given a (multiple) sequence alignment, SEGID first converts it into a sequence of numbers, where each number is the alignment score of a column. We then focus on the following three problems:
(1) Longest segment: given a string of numbers and a number A, find a substring (consecutive numbers in the string) with maximum length such that the average value of those numbers in the substring is at least A. (2) All maximal length segments: given a string of real numbers S, a number A, and an integer L (the lower bound of substring length), find all substrings T 's satisfying the following properties: (a) the average of any prefix/suffix of T is at least A; (b) no proper superstring of T satisfies (a); (c) the length of T is at least L. Intuitively, all maximal length segments are some substrings of numbers with average value at least A. Property (a) implies that T does not include bad columns at its two ends; (b) guarantees that T is 'maximal' in that it cannot be extended any more; and (c) allow users to set a length threshold to exclude extremely short segments. The set of all maximal length segments thus defined are disjoint, so it gives an intuitive view of clusters of good columns and is particularly suitable for coloring.
(3) N-Maximum scores segments: given a string of real numbers S and two integers U (the upper bound of substring length) and N (number of segments), find N (disjoint) substrings with length at most U such that the kth substring (k ≤ N ) has the highest score after the first (k − 1) (disjoint) substrings are selected.
ALGORITHMS
We implement three algorithms, one for each of the three problems.
For the longest segment problem, we design a non-trivial linear time algorithm by defining several intermediate arrays. Due to the space limit, the detailed description and analysis are put on our website.
THEOREM 1. There is a linear time algorithm for the longest segment with average value lower bound problem.
For the all maximal length segments problem, we also design a linear time algorithm. Again, the algorithm and analysis can be found on our website.
THEOREM 2. There is a linear time algorithm for the all maximal length segments problem.
The notion of maximum score segment (N -maximum scores segments when N = 1) is raised in (Lin et al., 2002) , which also gives a linear algorithm to solve the problem. We repeat the algorithm N times to solve the N -maximum scores segments problem. Since the time to find each segment is no more than O(n), the total time complexity is O(N * n).
IMPLEMENTATION
SEGID is a Java Applet compiled with JDK 1.1.8. It is dynamically downloaded onto client computer when the web page is visited. We adopt the technique of Java Applet because it has two advantages (1) compatible with multiple platforms (SEGID can run on most operating systems and web browsers, including Unix and Windows, Netscape and IE), and (2) easy interaction with users (applet provides graphical user interface, and all interactions are on client local computer without the need to communicate with server).
SEGID accepts a (multiple) sequence alignment or a real number sequence as input. In the case of alignment, both DNA and protein sequences can be handled. It recognizes four most commonly used formats: FASTA, Clustal, GCG-MSF and Stockholm. After the user inputs an alignment, a score is calculated for each column with specified scoring scheme. Three scoring methods are provided: SP-score, consensus-score and tree-score. See Gusfield (1997) for definitions. SEGID provides some pre-defined score matrices include Identity, and some commonly used BLOSUM and PAM matrix. It also allows the user to specify their own matrices.
If all the parameters are set, the alignment is displayed, and conserved segments (high score regions) are identified. These segments are highlighted in the alignment and their accurate positions are output in the window at bottom. In those identified segments, bad columns (columns whose scores are below some threshold set by users) are colored with grey, and good columns (columns whose scores are above some threshold) are colored with magenta. This helps visual detection of motifs with highly conserved positions among a relatively noisy context (e.g. P-loop), or highly divergent sites in a conserved segment (e.g. SNP). Users can choose which algorithm to use and change the value of parameters in the algorithm.
All of these operations are through a (color) graphical user interface. SEGID provides on-line helps to teach the users to use the system.
